Pre-main sequence (PMS) models provide invaluable tools for the study of star forming regions as they allow to assign masses and ages to young stars. Thus it is of primary importance to test the models against observations of PMS stars with dynamically determined mass. We developed a Bayesian method for testing the present generation of PMS models which allows for a quantitative comparison with observations, largely superseding the widely used isochrones and tracks qualitative superposition.
INTRODUCTION
The current understanding of star formation processes largely relies on the ability of assigning ages and masses to young stars using pre-main sequence (PMS) models. The observed luminosity and effective temperature of stars in their early evolutionary stages can be translated into mass and age only by the comparison with PMS stellar tracks. Unfortunately the early evolutionary stages of the stellar life are among those less tightly constrained by observations and most uncertain from the theoretical point of view. This situation becomes progressively worse for stellar mass be-⋆ E-mail: gennaro@mpia.de (MG) † Member of the International Max Planck Research School for Astronomy and Cosmic Physics at the University of Heidelberg, IMPRS-HD, Germany low ≈ 1.2 M ⊙ . This is mainly a consequence of the poor treatment of superadiabatic convection. Moreover there are still large uncertainties on the main input physics describing the cold and dense matter typical of low-mass stars interiors adopted in modern evolutionary codes. This theoretical uncertainty is testified by the large discrepancy still present between different sets of low-mass PMS models (see e.g. Siess et al. 2000; Baraffe et al. 2002; Tognelli et al. 2011 ).
An ever growing amount of detailed information is becoming available for both star-forming regions in the Milky Way (see Reipurth 2008a,b) and in the Magellanic Clouds (Cignoni et al. 2009 (Cignoni et al. , 2010 Gouliermis et al. 2010) , prompted by the remarkable improvement in the observational techniques over the last decade. The aforementioned theoretical uncertainties imply that many of the properties inferred for these regions, such as the initial mass function and the star formation history, strongly depend on the adopted PMS models, particularly for stars less massive than ≈ 1.2 M ⊙ .
The importance of these kind of studies urges an empirical calibration of PMS tracks and isochrones based on a statistically significant sample of young stars with precisely determined parameters (mass, temperature, radius, luminosity and chemical abundances). Most useful in this respect are the detached, double lined, eclipsing systems which directly provide stellar masses, temperatures and radii, yielding also a distance independent luminosity through the Stephan law. Unfortunately, the currently available sample of PMS stars in eclipsing binaries amounts only to 10 objects in 6 systems (see Sect. 5 and Table 4 ). Other important observational constraints to PMS models are provided by astrometric measurement of binary systems that can be resolved thanks to interferometric observations. For these systems the radii can not be determined though. Three astrometric binary systems with both stars in the PMS phase are currently known and studied (Table 4) . A third technique providing mass values for young stars is based on spectroscopic observations of circumstellar disks. From the keplerian velocities masses are inferred, although these measurements require an independent estimate of the distance to determine the linear value of the radius at which velocities are measured. Also the sample of known objects in this category is quite small with only 9 stars (see again Table 4) As already shown in the early attempts to test PMS stellar tracks against observations of eclipsing binaries (see e.g. Palla & Stahler 2001; Hillenbrand & White 2004; Stassun et al. 2004; Boden et al. 2007; Mathieu et al. 2007) , the mass values inferred from theoretical models are in reasonable agreement with the dynamical ones for intermediate mass stars, whereas for low-mass stars theoretical values tend to underestimate the stellar mass (see Fig. 3 in Mathieu et al. 2007) .
From these studies it is also clear that the usefulness of such tests in constraining the theoretical PMS models is severely limited by the still scarce accuracy of the current empirical measurements of the other stellar parameters, i.e. the luminosity, the chemical abundances and above all the effective temperature (see e.g. Hillenbrand & White 2004; Mathieu et al. 2007 ). In the next future both the size and the quality of the observed sample of test objects to calibrate PMS stellar tracks and isochrones are bound to increase.
In the present paper we apply an objective Bayesian method to compare theoretical predictions with observations, obtaining robust uncertainties for the output values and assessing the overall quality of the comparison. Since the method, which is detailed in Sect. 2, allows for the use of stellar tracks for a large and very fine grid of metallicity, mass and age values, we tested only our own Pisa-PMS models. These are calculated using the newest version of the FRANEC evolutionary code (see e.g. Tognelli et al. 2011) . The main characteristics of the models are described in Sect. 3. In Sect. 4 we asses the ability of the method to retrieve the stellar properties by means of synthetic tests. In Sect. 5 we describe the observational data set, which includes all the currently available low-mass PMS data. The complete data set is analysed in Sect. 6, where theoretical masses derived from our standard set of models are compared to the dynamical measurements. In Sect. 7 we compare the results for multiple sets of models. Section 8 is dedicated to detailed study of each binary system while the stars in the TaurusAuriga association are analysed in Sect. 9. A summary with concluding remarks is presented in Sect. 10.
THE BAYESIAN METHOD
The general question we try to answer can be described as the problem of determining certain parameters (the age and mass of a star) by comparing models' predictions with empirical evidence (effective temperatures, luminosities, radii, dynamical masses of stars in binary systems). In order to do so we used a Bayesian approach, which allows to fully exploit the data.
One of the main advantages of the Bayesian approach over the frequentist one is the possibility of using the available information about the model parameters -the prior probability. Thanks to Bayes' Theorem this information is naturally included in the calculation of the new parameters' probability after additional evidence is collected -the posterior probability. In this way it is possible to further constrain the models' parameter space in an iterative process of refinement. On the other hand the main disadvantage is that often the whole space of possible models is not accessible. This means that the normalizing factor appearing on the r.h.s of Bayes' Theorem -eq. (1) below-, can not always be evaluated. In such cases it is impossible to rigorously compute the normalized probability for a model to be correct given the empirical evidence. Nevertheless it is still possible to compare and choose between two different models, by taking the ratio of the posterior probabilities thus removing the normalization factor.
The notation we will adopt is the same as in Jørgensen & Lindegren (2005) -hereafter JL05. The method described in JL05 has been successfully used to provide stellar ages and masses for the stars in the Geneva-Copenhagen survey (see Nordström et al. 2004; Holmberg et al. 2007 Holmberg et al. , 2009 . It is a general method that can be applied to many other astrophysical cases, such ours. We retain most of the formalism of JL05, even though we customized the method for use with PMS objects. One major difference between the present work and JL05 is the use of the full covariance matrix when dealing with correlated variables such as luminosities and temperatures as determined for stars in eclipsing binary systems (see Sect. 2.2 ). An other important difference is the adoption of prior distributions that are appropriate for our observed sample. The flexibility of the Bayesian approach introduced by JL05 lies also in the opportunity of choosing the prior distributions that are best suited for the particular problem. For example our objects have well-determined masses, hence we adopt these values as priors (see Sect. 2.4) .
Let q be a set of observational quantities (or any combination of them), for example temperature and luminosity or gravity and temperature. Let p be a set of model parameters and Ξ a set of meta-parameters identifying a class of models. We introduce this distinction between p and Ξ for practical reasons. The parameters p are the triple (τ, µ, ζ), i.e. age, mass and metallicity of the model. The meta-parameters Ξ are instead the mixing-length parameter, α, the primordial helium abundance, YP, and the helium-to-metals enrichment ratio ∆Y /∆Z. These three meta-parameters are chosen on the basis of some considerations and can be re-garded as fixed inputs for the evolutionary models library as a whole, which gives them a different status compared to the p set. The α parameter is usually calibrated on a solar model (see Basu & Antia 2008 , and references therein). The YP value is constrained by big-bang nucleosynthesis and observation of metal poor HII regions (Izotov et al. 2007; Peimbert et al. 2007; Dunkley et al. 2009; Steigman 2010) . ∆Y /∆Z is constrained by chemical evolution models of the Galaxy (Romano et al. 2005; Carigi & Peimbert 2008) or by comparing the absolute magnitude of unevolved nearby dwarf stars with stellar models (Jimenez et al. 2003; Casagrande et al. 2007; Gennaro et al. 2010) .
The Ξ triple is usually fixed for any set of stellar tracks or isochrones available in the literature. Nevertheless there is no strong reason to assume that the solar calibration of α has to be suitable also for PMS stars of any mass (see e.g. the discussion in Montalbán et al. 2004; Tognelli et al. 2011) . Also YP and ∆Y /∆Z are known with some uncertainty, which is quite large specially for the latter. Hence, having the opportunity to calculate our own stellar models, we allowed for variations of the meta-parameters, calculating stellar models libraries for a total of nine combinations of them (see Sect. 3 for a detailed description). In principle other meta-parameters exist, such as the relative distribution of metals (the mixture), the opacity tables, the equation of state. Indeed any choice of physical inputs identifies a class of models, but we will not explore the effects of changes in the microphysics.
In the following we will drop the Ξ term and, if not explicitly stated, we will refer only to one particular class of models, i.e. one fixed choice of Ξj = (αj, YP j , ∆Y /∆Z j ). We will come back to the comparison of different classes in Sects. 2.6 and 7.
Definition
Bayes' Theorem states that the posterior probability of the parameters p, given the observations q, is:
The probability f (q|p) of observing the quantities q given the parameters p is proportional to L(p|q), the Likelihood of the parameters p given the evidence q. The quantity f (p) is the prior distribution of the parameters, which incorporates the information already available about them. The normalizing factor, f (q) = f (q|p)f (p) dp is called marginal distribution; it represents the probability of observing new evidence q under a complete set of mutually exclusive hypothesis, i.e. under all possible values for p.
To calculate the integral, we should have access to all possible models, for all possible sets of parameters (and meta-parameters), or at least the subset of all plausible models, i.e. models for which f (p) is not negligible. Even though the integration is not possible here, this is not a problem. As long as we are interested only in comparing different classes of models or estimating the most probable set of parameters within a single class, this can be accomplished by taking probability ratios, hence removing the normalization. Having considered that, we can then rewrite the posterior probability as:
2.2 The Likelihood function and the 2-variables covariance matrix Equation (2) is identical to eq. (3) in JL05, but in our work we extend the definition of Likelihood to the case of pairs of observables with non-zero covariance. This is particularly important -and often neglected-when the observables used to determine the stellar parameters are luminosity and temperature of stars in eclipsing binaries. Because of the way the two quantities are derived, they are strongly correlated (see Mathieu et al. 2007) . Let the vector of observables be a 2D vector: q = (x, y); the definition of Likelihood in the general case is:
Herex and σx are the measured value for the observable x and its uncertainty, respectively (the same forŷ and σy).
The quantity ρ = Cov(x, y) σxσy is the correlation coefficient of x and y. The quantities x(p) and y(p) are the values predicted by the model for the parameter values p.
The value of the covariance between luminosity and temperature
In the case of eclipsing binaries the quantities that can be determined from the light curve are the effective temperatures ratio between the primary and secondary, T eff,1 /T eff,2 , and the radii, R1 and R2. The temperature of the primary has to be inferred by other indicators such as some temperature-sensitive lines in the spectrum and a subsequent spectral type -temperature conversion. Luminosities are not directly measured, but derived using Stephan's Law: L = 4πσSBR 2 T eff 4 . On the other hand, since the most used tool of stellar evolution is the Hertzsprung-Russel diagram (HR diagram), where log L and log T eff are displayed, most of the analysis of binary systems is done in the HR diagram. So it is useful to have a proper treatment of the covariance matrix for luminosity and temperature. Given Stephan's law, the standard deviation of log L is calculated as:
where σR and σT eff are the uncertainties on radius and temperature 1 . The covariance between log L and log T eff is given by:
Cov(log L, log T eff ) = 2 Cov(log R, log T eff ) + 4 Var(log T eff )
where Var(log T eff ) ≡ σ 2 log T eff . In both eqs. (4) and (5) we assume that temperatures and radii have vanishing covariance. This is not necessarily true for eclipsing binaries, for which they are derived from the same light curve using fitting algorithms. However we are forced to neglect the corresponding term in the total luminosity-temperature covariance since we do not have access to the covariance matrix for radii and temperatures. Nevertheless we expect this covariance to be small specially when radii and temperatures are derived by multiple fitting of light-curves obtained independently in several photometric bands.
Prior distributions
We will make use of different types of prior distributions for the parameters. Here is a brief description of each of them:
Mass: for most of the systems in our sample the dynamical mass is the observable that is known with the best precision. For this reason we will often use a Gaussian mass prior
2 . Apart from better constraining the mass values, this particular kind of prior is very informative and helps constraining also the stellar ages (see e.g. Sect. 4).
Metallicity: for most of the systems measurements of [Fe/H] 
where we introduced φ(Z) ≡ [Fe/H] and [Fe/H] is regarded as a function of Z; G is a Gaussian function. In the general case, the derived fprior(Z) can be asymmetric and, in particular, very different from a Gaussian. Nevertheless, given the typical errors in our data set (i.e. σ([Fe/H]) ∼ 0.1 dex), the departure from Gaussianity is very small and can be neglected as can be seen in Fig. 1 , where the Gaussian distribution in Z and that obtained as in Eq. (6) are shown. In both cases, we start from an observed [Fe/H] distributed as a Gaussian and with µ = 0.1 dex and σ = 0.1 dex. The mean value and variance of the G(Z) are determined using eq.
(1) and (2) of Gennaro et al. (2010) Age: in the case of two stars in the same system, coevality might be considered as an additional prior, assuming that these two stars formed at the same time. In this case, we simply impose that both stars are coeval by multiplying their age marginal distributions (see below) hence getting a system age distribution. 
Marginal distributions, best values, uncertainties and relative precision
As in JL05, the integration of eq.(2) with respect to all parameters but one, pi, yields the marginal distribution for pi. From this distribution it is possible to determine the most probable value for pi and its confidence interval. The two parameters we are interested to determine are the stellar age τ , and mass µ. We will use the same symbol as in JL05 for the age marginal distribution, G(τ ), and analogously define the mass marginal distribution, H(µ). By writing explicitly the triple of parameters, we define:
JL05 demonstrated that the mode of the marginal distribution is a more robust indicator than the mean for estimating stellar ages. This is particularly true for strongly asymmetric distributions or distributions showing multiple peaks. We also adopted the mode as the best value estimator but changed the definition of the uncertainty interval with respect to JL05. If A is the total area under the distribution curve, F (x), we define the confidence interval [xmin, xmax]:
where we assume that the variable x is defined in the interval [x l , xu]. In this way 16% of the total probability is rejected on each side of the confidence interval. This definition coincides with that of a 1σ interval in the case of a Gaussian distribution. We followed again JL05 in the definition of the relative precision, ǫ:
Using this definition it is possible to compare the quality of different age and mass determinations. The worst relative precision is attained when the marginal distribution is flat. In this case, assuming again x ∈ [x l , xu] we have:
We calculated models in the age interval [0.5, 100] Myr and mass interval [0.2, 3.6] M ⊙ , hence the worst relative precisions attainable are ǫ(τ ) ≈ 1.26 and ǫ(µ) ≈ 1.03.
Comparison of different classes of models
Comparison of two classes of models is possible by calculating the Bayes Factor, i.e. the ratio of the evidences for the two classes. The evidence itself is defined as the integral of the likelihood marginalized over the model parameters prior distributions. Hence the Bayes Factor for the i-th and j-th class of models is:
where the evidence for each class is defined as:
The Bayes Factor tells us nothing about the best values of the parameters p, but it can be used to estimate which class of models -which set of meta-parameters Ξ-gives an overall best-fit to the data. Strong deviations of BFij from one indicate that one class of models is a significantly better choice than the others.
THE SET OF MODELS
In the present analysis we used the very recent PMS tracks from the Pisa database 2 which contains a very fine grid of models for 19 metallicity values between Z = 0.0002 and Z = 0.03, three different initial helium abundances and three values of the mixing-length parameter for each metallicity. The models have been computed using an updated version of the FRANEC evolutionary code which takes into account the state-of-art of all the input physics (see Tognelli et al. 2011 , for a detailed description). Here we briefly summarize the main characteristics of the code that are relevant for the present work and deeply affect both the morphology and the position of the PMS tracks in the HR diagram.
We adopted the equation of state (EOS) released in 2006 by the OPAL group (see e.g., Rogers & Nayfonov 2002) , the OPAL high-temperature radiative opacity released by the same group in 2005 (see e.g., Iglesias & Rogers 1996) for log T [K] > 4.5, and the Ferguson et al. (2005) lowtemperature radiative opacities for log T [K] 4.5. The radiative opacity tables, both for low and high temperatures, are computed assuming the solar-scaled heavy-element mixture by Asplund et al. (2005) .
The outer boundary conditions, required to integrate the stellar structure equations, have been taken from the detailed atmosphere models computed by Brott & Hauschildt (2005) Cox & Giuli (1968) . We used the classical Schwarzschild criterion to evaluate the borders of convectively unstable regions.
The hydrogen burning reaction rates are from the NACRE compilation (Angulo et al. 1999) , with the exception of the 14 N(p,γ) 15 O from the LUNA collaboration (Imbriani et al. 2005) . The code explicitly follows the chemical evolution of the light elements (D, 3 He, Li, Be and B) from the early phases at the beginning of the Hayashi track. The models are evolved starting from a completely formed and fully convective structure, neglecting accretion.
We extracted from the Pisa PMS database tracks for 12 metallicities, namely Z = 0.007, 0.008, 0.009, 0.01, 0.0125, 0.015, 0.0175, 0.02, 0.0225, 0.025, 0.0275, 0.03. The purpose was to cover the full range of metallicities for the observed sample of stars. For models in this range of metallicities we adopted an initial deuterium abundance XD = 2 · 10 −5 , suitable for pop. I stars (see e.g., Vidal-Madjar et al. 1998; Linsky et al. 2006; Steigman et al. 2007 ).
For each value of Z the initial helium abundance, Y , has been obtained by the linear relation,
where YP is the primordial helium abundance, and ∆Y /∆Z is the helium-to-metals enrichment ratio. For YP we adopted both the recent WMAP estimation YP = 0.2485 (see e.g., Cyburt et al. 2004; Steigman 2006 ) and a lower value YP = 0.230 (Lequeux et al. 1979; Pagel & Simonson 1989; Olive et al. 1991) . In the first case we used both ∆Y /∆Z = 2 as commonly adopted in literature (see e.g., Pagel & Portinari 1998; Jimenez et al. 2003; Flynn 2004; Casagrande et al. 2007 ) and ∆Y /∆Z = 5 that is the extreme value suggested by recent analysis (see e.g., Gennaro et al. 2010 , and references therein), while for YP = 0.230 we fixed ∆Y /∆Z = 2. Hence, for each value of Z, we computed models with three initial helium abundances. The efficiency of superadiabatic convection is parametrized by the α parameter where the mixing length ℓ is given by ℓ = αHP and HP is the pressure scale-height. Following the usual procedure of calibrating the mixing length efficiency using the Solar observables, we obtained α = 1.68 for our reference set of models. However there is no strong reason to adopt this value for stars in different evolutionary phases compared to the Sun. Recent analysis of PMS stars in binary systems (see e.g., Simon et al. 2000; Steffen et al. 2001; Stassun et al. 2004 ) and studies of lithium depletion in young clusters (Ventura et al. 1998; D'Antona & Montalbán 2003 ) suggest a sub-solar efficiency of the superadiabatic convection in low-mass PMS stars. Therefore we decided to adopt tracks for three α values, i.e. α = 1.2 (low efficiency), α = 1.68 (our solar calibrated), α = 1.9 (high efficiency).
Taking into account the three Y values and the three α values, we computed models for each metallicity using a total of nine combinations of the Ξ triples of meta-parameters.
The tracks have been computed for a very fine grid of masses, with a spacing of 0.05 M ⊙ in the range M = 0.2 − 1.0 M ⊙ , of 0.1M ⊙ for the range M = 1.0 − 2.0 M ⊙ and of 0.2M ⊙ for the range M = 2.0 − 3.0M ⊙ . The tracks have been further interpolated on a finer mass-grid with a spacing of 0.01 M ⊙ and in age with a spacing of 0.05 Myr in the full mass range. This was done in order to achieve a very high precision in the determination of both the mass and age for the observed stars.
SYNTHETIC DATA SETS: TESTING THE METHOD
In order to check the accuracy of our method we first tested it against simulated data. As already demonstrated by JL05, the precision of inferred ages and masses is related to the detailed morphology of isochrones and tracks in the HR diagram. Depending on the mass and the age of a star, its evolution might be faster in some parts of the diagram than in others. The evolutionary speed of a star along its track together with the positional uncertainty in the HR diagram determine the absolute precision of the method. Although the PMS is globally a very fast evolutionary phase compared to the MS, there are some stages -i.e. the descent of the Hayashi tracks-slower than others -i.e. the approach towards MS along Heyney tracks when radiative cores are developed. Another general rule is that more massive stars evolve faster, leading to progressively larger spacing between isochrones, and consequently a better relative precision in age determinations for a given evolutionary phase, as the mass increases. The evolutionary speed is inversely proportional to the age-gradient calculated along one evolutionary track. In the regions of the HR diagram where the evolutionary speed is large, the age-gradient is small and the precision in estimating stellar ages is good. To explain this let us define an effective temperature-luminosity error box, as given by observational uncertainties. If we move it across the HR diagram, in regions with small age-gradient we will encircle models with similar ages, leading to a precise age determination, while in regions of high age-gradient (low evolutionary speed) within the same box there will be models with very different ages, leading to a less precise age estimate. In Fig. 2 (left panel) we show the evolutionary speed. Moving from blue-purple towards red-orange regions the evolutionary speed increases allowing for progressively more precise age determinations.
In analogy to the age-gradient along a track we can calculate the mass-gradient along an isochrone. In this case, regions of small mass-gradient are regions where the stellar masses can be estimated with better precision. The massgradient along isochrones is shown in Fig. 2 , right panel. In this case regions with lower mass-gradient (better precision) are in red.
To explore how the position in the HR diagram affects age and mass determinations, we generated a sample of synthetic eclipsing binaries (EBs) for different masses and ages (see Table 1 ).
The simulations of EBs have been done by selecting models from the PISA stellar library with α = 1.68, YP = 0.2485 and ∆Y /∆Z = 2. We fixed the Z value to Z = 0.0125, similar to our solar model (Z ⊙ = 0.0137). For each combination of masses and ages we generated 100 systems. We added random Gaussian uncertainties to the quantities predicted by the models using standard deviations values equal to the typical errors in our data set (σM = 0.015−0.020 M ⊙ , σ log T eff = 0.015 dex, σR = 0.05R ⊙ and σ log L = 0.1 dex). To simulate the observed errors behaviour of EBs, we allowed for random errors in the primary star temperature, T eff,1 , keeping the ratio of primaryto-secondary effective temperatures, T eff,1 /T eff,2 , fixed. We allowed for independent errors in the radii, R1 and R2. Luminosities are calculated from the temperatures and radii after the errors have been added. For each simulated system, we applied our Bayesian method to recover the best ages and masses. Since we have chosen to fix Z = 0.0125, we fixed it also in the recovery method, which is equivalent to using a prior f (ζ) = δ(ζ −0.0125) in equations (7a) and (7b). We ran the method both with a flat prior defined over the whole mass interval and applying a Gaussian prior on the simulated mass. The Gaussian prior is centred on the simulated value of the mass and its σ is of the order of the typical error for the dynamical masses available in the literature (few %). We obtained stellar ages for the single stars and also for the systems. In this last case coevality is imposed by considering GC(τ ) = GP(τ ) × GS(τ ), i.e. the product of primary and secondary marginal age distributions.
The results for the complete set of simulations are shown in Table 2 where we report the percentage of cases in which the simulated age and mass fall within the confidence interval. From the table it is clear that the method is very successful in recovering the simulated values. When no systematic errors are present (in both the model and the data) and if the random error estimates are reliable, we can expect the results of the method for real data to be very robust. Unfortunately this ideal situation is seldom realized in reality, but it is worth noticing that the method is intrinsically able to give a good fit for almost all the regions of the HR diagram.
The fraction of good recoveries or success rate can be related to the position of the stars in Fig. 2 . For example the secondary star of the B.x systems -a 0.3 M ⊙ star-is moving towards slower phases of its Hayashi tracks and consequently the fraction of good age recoveries is decreasing with increasing age. Several other things are worth noticing about the recovery fractions in Table 2: • First, we note that the actual number of good recoveries is a complex function of the stellar position in the HR diagram. It is true that the mass-and age-gradient visualization of Fig. 2 can help understanding this function. On the other Figure 2 . Left: evolutionary speed along stellar tracks in the HR diagram. The age-gradient is inversely proportional to this quantity. The colour coding is a scale from red-orange (fast evolution, small age-gradient, good age determination) to blue-purple (slow evolution, large age-gradient, bad age determination). Right: mass-gradient calculated along isochrones. Red-orange regions are regions of low massgradient (high precision in mass determination), blue-purple regions are regions of high mass-gradient where masses are determined with worse precision. In both panels symbols indicate the positions of the simulated stars before the random errors are added. Superimposed in white are some reference tracks and isochrones.
hand we have to warn the reader that what we indicated as mass-and age-gradients are partial derivatives calculated along isochrones and tracks respectively. Therefore, they do not fully represent the real gradient. As a consequence there are regions of the HR diagram where the recovery fraction is different from what one might naively expect by looking at Fig. 2 alone. For example, the mass recovery fraction of the primary star of the B.8 case is lower than the B.5 case, even though the B.8 case is in a zone of lower mass-gradient (better mass resolution).
• Secondly, we want to mention the power of the coevality prior. Fig. 3 shows on the left the distribution of the difference between the logarithm of the best fit age and the logarithm of the simulated age for each star. The standard deviation of this distribution is σ = 0.185 dex. The inset plot shows the recovered ages for those stars giving a bad fit, meaning that the simulated age is outside the 68% confidence interval. The fraction of these bad-fit cases is 19% of the total simulated stars.
In the central panel the stars in each system are paired together and the age of the system is evaluated from the composite age distribution GC(τ ). The differences between the resulting best ages and the simulated ages show a much narrower distribution, with σ = 0.062, almost 3 times smaller than the σ for the single stellar ages. Hence using the coevality prior strongly reduces the error in the best age estimate.
The rightmost panel of Fig. 3 shows the difference between the logarithms of the primary and secondary components' ages for each pair. This distribution has a σ = 0.257. We note that in 13% of the cases the two components are found to be non coeval, meaning that the two uncertainty intervals do not overlap; these systems are shown in the inset diagram. The fraction of non coeval recoveries varies strongly among the simulated systems and the results are summarized in Table 3 . The simulated binary that causes most of the non coeval fake detections is the system A.8. Out of 100 simulated cases, 95 give non coeval results. This is due to the fact that the primary star of the 100 simulated A.8 systems is very close to the main sequence. Therefore G(τ ) for such a star is a very flat function, with a broad uncertainty interval. Moreover the position of the peak of the distribution strongly depends on where the simulated system is scattered once that the observational errors are added. On the other hand, the age of the secondary is well recovered, with a narrow uncertainty interval. As a consequence, in the 95% of the cases, the two intervals become disjoint and the two stars are considered as non coeval.
The fraction of non coeval recoveries is a complex function of the position in the HR diagram of both stars. For an observed sample of binaries, the fraction of total fake non coeval systems to be expected depends on the actual distribution of relative positions of primaries and secondaries in the HR diagram.
Nevertheless we point out that the tail of non coeval systems disappears in the central diagram of Fig. 3 , i.e. no system age is found to be in disagreement with the simulated age, even when the two components were formally non coeval. In our simulated cases, the non coevality is mostly due to one of the stars being in a region of very large age-gradient, e.g. close to the main sequence. On the other hand the companions are generally in a region of smaller gradient. Therefore, while the age of one star is badly determined, the other component still has a very informative G(τ ), which drives the composite distribution towards the simulated value. This fact can be used to determine the age of main sequence stars in systems where the companion is still on the PMS, for example.
In addition, for the full sample of simulated cases, the use of the composite age distribution allows to find a system age that is in better agreement with the simulated one. The σ of the distribution of recovered minus simulated age is reduced when the coevality prior is imposed. Table 2 . Percentage of cases in which simulated ages and masses are recovered within the 68% uncertainty interval. P indicates the primary stars in the systems, S the secondary, C stands for Coeval, indicating the cases in which the product of the marginal age distributions of the primary and secondary star G P (τ )×G S (τ ) is used to infer the age of the whole system. Flat and Gaussian are the adopted mass priors.
System
A.2 A.5 A.8 These results are very important. It is sometimes noted in the literature that evolutionary models are not able to fit binary data for the same age and ad hoc solutions are invoked to reconcile the models and the observation. Here, we demonstrated that not being able to reproduce both components in a binary system with the same isochrone does not necessarily imply that the stars are not coeval or that they are coeval but the models are not able to reproduce this coevality. On the contrary, an age difference or even an age mismatch can simply be a consequence of the observational errors in the HR diagram. It is indeed possible that the random scatter of the positions of coeval stars acts in opposite directions for the two components, making one look older and the other younger, to the point that they might be considered as non coeval. The actual expected artificial age difference depends on the region of the HR diagram where the two stars are located, and on their errors.
As an example we consider the work by Kraus & Hillenbrand (2009) who analyse the binary population in the Taurus-Auriga association. They found that, in general, stars in physical pairs are more coeval than the association as a whole, with significantly smaller intra-binary age spread than for randomly paired stars selected among the association's members. Nevertheless the authors also find that some of the binaries show an intrinsic age spread larger than what observed for the bulk of the pairs and not consistent -within the errors-with the hypothesis of coeval pairs. They suggest that these outliers can be multiple system with unrecognized companions or stars seen in scattered light or also stars with disk contamination. While this can certainly be the case, we want to point out that the observational errors themselves -even when one might think that they are completely under control as in our simulations-can be partially responsible for an artificially large age-spread (or non coevality) within a binary system. The fraction of objects for which this fake non coevality might be expected is a complex function of the actual distribution of observed stars in the HR diagram, i.e. of their mass, mass-ratios and ages.
• As a third remark we want to emphasize the power of the Gaussian mass prior, i.e. its large informative value for the recovery of stellar masses. In almost all cases where the Gaussian mass prior is imposed, the recovery fraction raises to 100%. This might look obvious but we have to recall that dynamical masses are usually the most reliable data available for a binary system. The impact of the Gaussian prior is less strong when the results for stellar ages are compared. Among the 27 cases displayed in Table 2 , 14 favor the flat prior, while in 12 cases the Gaussian prior gives better results. The primary star of the A.8 system gives equal fractions of 0% recoveries for Gaussian and flat prior (the star is on the MS).
We investigated this behaviour and observed that the impact of the Gaussian prior actually depends on the detailed morphology of the 2D posterior probability in the µ − τ space. As an example, consider the primary star for the C.10 case. The success-ratio in the age recovery decreases from 83% to 72% for this star when the Gaussian mass prior is applied.
We show in Fig. 4 one of these drop-out cases. The reason why the age for this particular star is not recovered anymore when the prior is included can be easily understood. The Gaussian prior is causing an increase in the relative precision for the marginal distribution, GGauss(τ ). This can be seen in the right panel of the figure where the GGauss(τ ) Figure 3 . Left: distribution of the difference between the logarithm of the recovered age for the single stars and the logarithm of the simulated age. The inset shows the distribution of age differences only for the stars for which the simulated age is outside of the 68% confidence interval Centre: same as left, but the recovered age is obtained from the composite age distribution for each simulated binary system. Right: Distribution of the differences between the logarithm of the primary's recovered age and the logarithm of the secondary's recovered age for each system. The inset shows the distribution of age differences for those systems whose primary and secondary components have disjoint 68% age confidence interval and are considered as non coeval.
distribution has a clearly larger mode and is narrower than G Flat (τ ). One can notice that the right border of the confidence interval for G Flat (τ ) is already quite close to the simulated age value of 10 Myr, which is barely within the 68% confidence interval. Hence it is the shrinking of the confidence interval -when the Gaussian prior is applied-that causes the simulated age value to drop out of the 68% confidence interval. Also the actual number of dropouts is related to the detailed structure of the 2D mass-and age-gradients.
THE DATA SET
The number of PMS stars with direct mass measurements amounts nowadays to about 30 objects. The sample we used consists of 25 PMS and 2 MS stars, whose properties are summarized in Table 4 .
Among the 27 objects 10 are PMS stars found in eclipsing binary systems (EB). We included the MS 3.1 M ⊙ star TYCrA A and 2.1 M ⊙ star EK Cep A in our sample as well, since their companions are PMS stars in EB systems and we tried to fit both components of binary systems when possible (see Sect. 8). For EBs the masses, radii, and effective temperature ratios of the two components can be accurately inferred. However the absolute values of the effective temperatures, that rely on the determination of the primary's spectral type and some spectral type-T eff relationship, can be affected by systematic errors and constitute a severe source of uncertainty. As an example Hillenbrand & White (2004) pointed out that the main sequence empirical scales used for deriving temperatures from the spectral types might cause systematic temperature offsets when applied to PMS stars, due to the different values of surface gravity for a given spectral type (see also Luhman et al. 1997) .
Of the 27 stars in the sample, 6 are found in astrometric/spectroscopic systems (AS), i.e. systems in which the components can be resolved as separate point sources using interferometry. Combining astrometry and line-of-sight velocity measurements the masses of the components are determined in a distance-independent way. With this technique the radii of the components are not measurable, though.
The last 9 objects have masses measured using their circumstellar disks keplerian velocities obtained by means of spectroscopy. The mass for the central star can be determined only if the linear value of the orbital radius at which the velocity is measured is known. Hence stellar masses are in this case distance-dependent. The two stars in the UZ Tau E system form a binary, and their masses are separated using combined spectroscopic measurements for the circumstellar disk and the stellar velocities (DKS).
A very similar sample was already studied in Mathieu et al. (2007) and Stassun (2008) and we refer the reader to the first of these papers for a detailed description of the different observational techniques and the different kind of uncertainties affecting them. Compared to Mathieu et al. (2007) there are some distinct objects in our sample though. The 2M0535-5 brown dwarf EB (Stassun et al. 2006 ) was excluded because the stellar dynamical masses are smaller than those currently present in the Pisa database. The recently discovered PMS EB ASAS J052821+0338.5 (Stempels et al. 2008) has been added to the sample. We also included the AS binary HD 113449 (Cusano et al. 2010 ) for which we have slightly different parameters from an updated analysis (Cusano, private communication) .
The luminosities and effective temperatures for our complete data set are displayed in Fig. 5 . Overplotted are stellar tracks for α = 1.68, ∆Y /∆Z = 2 and YP = 0.2485. We will refer to this set of parameters Ξ as our standard or reference set. In the case of Fig. 5 the tracks are calculated for a value of Z = 0.0125, similar to the metallicity of our standard solar model (i.e., Z ⊙ = 0.0137). In order to convert the observed [Fe/H] into the global metallicity Z ob , we followed eq. (2) in Gennaro et al. (2010) , adopting (Z/X) ⊙ = 0.0181 by Asplund et al. (2009) . Although the Pisa PMS models have been computed adopting the Asplund et al. (2005) heavy elements solar mixture, the seeming inconsistency is inconsequential since models computed with Asplund et al. (2005) and Asplund et al. (2009) but with the same total metallicity Z are essentially indistinguishable (see detailed discussion in Tognelli et al. 2011) .
A point worth mentioning is that among the objects listed in Table 4 there are a few cases that appear peculiar. Their location in the HR diagram is indeed incompatible with that of stars of similar mass. By looking at the available dynamical masses, luminosities and temperatures we identified four of these peculiar objects, namely NTT 045251 A, UZ Tau Ea, BP Tau, and MWC 480 (see Table 4 ).
• NTT 045251 A is close to RXJ 0529.4 Ab and V1174 Ori A in the HR diagram, with approximately the same luminosity and T eff . However NTT 045251 A is more massive than the other two stars by 0.4-0.5 M ⊙ . We checked that this discrepancy can not be reconciled even by assuming that the metallicity of NTT 045251 A is 0.4 dex larger than that of RXJ 0529.4 Ab or V1174 Ori A.
• UZ Tau Ea, M = 1.016M ⊙ , has a T eff similar to V1174 Ori B, DM Tau, CY Tau, and NTT 045251 B which have lower masses, between 0.55-0.8 M ⊙ . Moreover the star is colder than RXJ 0529.4 Ab and V1174 Ori A by about 850 K in spite of their similar masses, luminosities, and [Fe/H].
• BP Tau, M = 1.320M ⊙ , is significantly colder (∆T eff 1000 K) and fainter (∆ log L/L ⊙ ≈ 0.9) than RXJ 0529.4
Aa and EK Cep B, although it is slightly more massive and the metallicities are similar. In addition this star is fainter and colder than the 0.96 M ⊙ HD 113449, which has a similar metallicity. This is not easy to explain because the minimum luminosity of a 1.3 M ⊙ model is always larger than that achieved by a 0.9-1.0 M ⊙ star approaching the ZAMS, as in the case of HD 113449 A.
• 
THEORETICAL VS. DYNAMICAL MASSES -THE STANDARD SET OF MODELS
In this section we show the comparison of the whole data set with our evolutionary models. We limited the analysis only to the standard set of models, i.e the Ξ class with α = 1.68, ∆Y /∆Z = 2 and YP = 0.2485. Section 7 is dedicated to the comparison of models with different meta-parameters, Ξ. Since radii are not available for each star in the data set, the comparison was done in the HR diagram. With the notation of Sect. 2, this means 
In the other cases a flat prior for Z ∈ [0.007, 0.03] was used. 1 Short form for RXJ 0529.4+0041 2 Short form for ASAS J052821+0338.5 3 Short form for NTT 045251+3016 a The error on the mass does not include the uncertainty on the distance.
The outcomes of the full data set comparison are summarized in Fig. 6 . The stars have been divided into subgroups: eclipsing binaries (EB), astrometric/spectroscopic binaries (AS) or disk kinematic stars (DK). The stars in the UZ Tau E system (DKS, i.e. disk kinematics plus spectroscopy to disentangle the components) are included in the DK sample for simplicity. The three subgroups are displayed from left to right. Each panel shows a comparison of the relative difference between model-inferred mass -M mod -and measured dynamical mass -M dyn . In the upper panels M mod is derived by applying the Gaussian metallicity prior, when available. The lower panels show a comparison between the Gaussian Z prior case (empty symbols) and the flat Z prior case (full symbols). The symbols indicate the mode of the posterior probability; the asymmetric error bars indicate the 68% confidence interval as described in Sect. 2. In the figure the dynamical mass errors are not added to the error budget. This is meant to purely show the precision of the masses estimated from the models given the observational uncertainties. However this is not a bad approximation for the total mass error budget, given that the quoted errors are of the order of 1% for most of the dynamical masses and up to 10% only in very few cases (see Table 4 ).
By looking at the figure, it is clear that EB masses are well recovered in almost every case but for V1174 Ori B. We will discuss this particular object more in detail in Sect. 8.3. The general agreement becomes progressively worse for AS binaries and DK stars. The AS binaries have masses that are underestimated by ∼ 20 − 30% on average. The worst case is NTT 045251+3016 B, whose mass is underestimated by ∼ 50% (see Sect. 8.8) . For DK stars the trend becomes more negative with underestimates as low as 70% for UZ Tau Ea. Regarding the DK group, we have to point out that for the latter class of objects the uncertainty on the distance is not included in the dynamical mass error estimate. This uncertainty propagates linearly in the mass uncertainty and quadratically in the luminosity uncertainty. The DK stars in our sample stars are part of the Taurus-Auriga star-forming complex which is located at about 150 pc from the Sun and has a radius of about 15 pc (see e.g Torres et al. 2009 ). Using an average distance to each star instead of its real distance may then cause a systematic error on the mass estimate of about 10% and on the luminosity of up to 20%. Part of the disagreement might also arise from the fact that the DK objects are T-Tauri stars, intrinsically variable. The temperatures and luminosities we adopt for them are all derived by Hillenbrand & White (2004) . The authors try to minimize the effects of accretion luminosity using the IC band to estimate the stellar luminosity. Nevertheless the estimated stellar luminosities might still be offset from their real values. An other problem might affect the temperature determination. Temperatures are determined from spectral types using relations calibrated on dwarfs. As Hillenbrand & White (2004) point out, there might be a systematic temperature underestimate due to the fact that PMS stars of a given spectral type are generally warmer than dwarf counterparts. If the real stellar temperatures would be higher part of the discrepancy in our mass estimates would be removed, since larger masses would be needed to reproduce the observed stellar properties.
The lower panels of fig. 6 show a quite surprising result. In the cases where we applied the Gaussian prior on the metallicity the final results for M mod are usually in worse agreement with the M dyn values when compared to the flatprior case. It appears that applying the metallicity Gaussian priors we obtain, in general, lower masses values. This behaviour suggests that the Z ob values used here might be too low. If we force the metallicity to assume systematically lower values than the real values by means of the Gaussian prior, then we naturally obtain lower values for the best masses. This is due to the fact that the lower the metallicity used in a stellar model, the hotter and more luminous the model is for a given mass.
We speculate here that part of the problem with the metallicity prior might reside in the low value of (Z/X) ⊙ used in the present work to convert the observed [Fe/H] into Z. In the recent years this value has undergone a drastic change, specially after the introduction of non-LTE and 3D hydrodynamical atmospheric models for the analysis of Solar abundances (see Asplund et al. 2009 , for a review about the topic). The traditional value of Z ⊙ ∼ 0.02 has been strongly revised towards much lower values, down to Z ⊙ 0.013÷0.014 (see e.g., Serenelli et al. 2009 , and references therein). There is still ongoing debate regarding solar heavy elements relative abundances and total metallicity, and the uncertainty on the absolute values is still large. Nevertheless the most recent results are going in the increasing direction for (Z/X) ⊙ , thus reducing the difference with the traditional estimates. A change in (Z/X) ⊙ will be reflected directly into Z ob since (Z/X) ob = (Z/X) ⊙ × 10
[Fe/H] and an increase in this quantity would naturally lead to a systematically larger M mod .
ANALYSIS OF THE DATA USING DIFFERENT CLASSES OF MODELS
As described in Sect. 2.6, the ratio of the evidences for two classes of models -the Bayes Factor, BF -can be used to quantify which class of model is better in reproducing the data. Significantly better evidence of a model over an other is claimed when BF < 0.1 or BF > 10, i.e. when the two evidences differ by one order of magnitude or more (Kass & Raftery 1995) . Since the evidence is calculated by marginalizing the posterior distribution over all the parameters of the model, the prior distribution of the parameters has to be considered as part of the model as well (see e.g. Bailer-Jones 2011, for an application of the Bayes Factor to discriminate between distinct models in a different astrophysical context). We calculated the evidence for each star in the 9 different meta-parameters cases and for each set Ξ we considered 4 different combinations of the prior distributions for the masses and the metallicities. The four combinations are: 1) flat mass prior -flat metallicity prior, 2) Gaussian mass prior -flat metallicity prior, 3) flat mass prior -Gaussian metallicity prior, 4) Gaussian mass prior -Gaussian metallicity prior. Hence we actually have 9 × 4 = 36 classes of models. After evidences have been calculated in the 36 cases for each of the 27 stars of the sample, the BF s have all been calculated by dividing each evidence value for a given star by the evidence value for that same star obtained using our standard class of models. The latter is identified by YP = 0.2485, ∆Y /∆Z = 2 and α = 1.68 for the 1) case.
The numerical values of the BF s are reported in Appendix A. The Tables A1, A2 , A3, and A4 display the BF values for the 1), 2), 3), and 4) prior cases respectively. Looking at each table, it is possible to see the change in the evidence among the different Ξj sets, within one of the 4 prior cases. From one table to the other, the corresponding entries are calculated for the same Ξ set but in the 4 different prior cases; by looking at these corresponding entries it is possible to see the role played by the prior choice and, actually, understand whether this choice is leading to an improvement of the overall fit or not.
The best way to compare different classes using the whole data set is to calculate the composite evidence for the full set of data. The natural extension of equation (11) is that the evidence for the whole data set -represented here Figure 6 . Inferred masses from our standard set of isochrones compared with the dynamical masses from literature. Numbers correspond to the ID column of Table 4 . From left to right: stars are divided in subset of eclipsing binaries (EB), astrometric/spectroscopic binaries (AS) and stars with masses inferred from disk kinematics (DK). Upper panels: best values are indicated by empty symbols. The asymmetric error bars represent the 68% confidence interval, as defined in Sect. 2. In these cases a Gaussian metallicity prior was applied when [Fe/H] measurements were available. Lower panels: Comparison of the best masses inferred when the metallicity Gaussian prior is imposed (empty symbols, same as upper panels) and when we use a flat prior even for stars with [Fe/H] measurements (filled symbols).
by the set of observables {q}-can be written as:
The index k runs over the stars in the sample and f k indicates the specific prior distribution applied for the k-th star.
We multiplied the evidences of the 27 stars of the sample to understand which class of model gives the best general result. In addition we restricted the product to stars belonging only to one type of system (EB, AS, DK). When using the whole data set we can compare only the 1) and 2) cases because the Gaussian metallicity prior can not be applied to the 4 stars for which [Fe/H] measurements are not available. To compare also the 3) and 4) cases we additionally restricted the sub-samples to only stars with [Fe/H] estimates.
In almost all the cases, the class of models with ∆Y /∆Z = 2, YP = 0.23 and α = 1.2 meta-parameters is the one with the largest evidence. The only exception is the case of AS subset when only stars with known [Fe/H] are considered. For this subset the largest evidence is attained for the ∆Y /∆Z = 2, YP = 0.23 and α = 1.9 meta-parameters values. We have to point out that in this particular case only 4 stars are part of the subset and the evidence is only 1.13 times larger than in the ∆Y /∆Z = 2, YP = 0.23, α = 1.2 case.
These results are the counterpart of what we have already observed in Sect. 6 regarding the mass underestimation by standard models. It was clear -specially by looking at the upper panels of Fig. 6 -that the general trend for the standard set of models is to predict too low masses compared to M dyn . A similar trend can be observed in Fig. 3 of Mathieu et al. (2007) ; here all the considered sets of models show the same kind of behaviour in predicting too low stellar masses, with a mean difference that can be of the order of 20% or more. This suggests that the standard tracks are too hot and luminous when displayed in the HR diagram compared to the observed temperatures and luminosities for the given dynamical masses. A natural way to get a better agreement with observations is to use colder and fainter set of models by adopting both a lower helium initial abundance and mixing length parameter α value.
This explains why the best overall evidence is achieved by the set with α = 1.2, Yp = 0.230, and ∆Y /∆Z = 2. Similar low helium content for a given metallicity Z could be obtained also adopting the currently accepted primordial helium value, YP = 0.2485, together with a very small helium-to-metals enrichment ratio (∆Y /∆Z 1, for Z ≈ 0.01 ÷ 0.02). However, both choices are quite unlikely. In the former case the YP = 0.23 value is significantly lower than the recent independent results from extragalactic HII regions and Big Bang Nucleosynthesis theory (Izotov et al. 2007; Peimbert et al. 2007; Dunkley et al. 2009; Steigman 2010) . Regarding the latter case, a ∆Y /∆Z 1 is smaller than the value suggested by both Galactic chemical evolution models (Romano et al. 2005; Carigi & Peimbert 2008) and by nearby dwarf stars analysis (Jimenez et al. 2003; Casagrande et al. 2007; Gennaro et al. 2010 ).
We point out that when a single star is considered the value of the evidence for different classes of models are mostly of the same order of magnitude (see the Tables in  Appendix A) . Hence these global results are more sensitive to the few objects for which we observe major changes in the evidence between different classes. Nevertheless a general analysis is still important to understand the overall behaviour of stellar models in comparison to available data.
We also report that, for the whole sample, as for any subset of stars (EB, AS or DK), the largest value of the evidence is reached in cases 2) or 4), i.e. when the Gaussian mass prior is imposed. This is expected because the prior on the dynamical mass is a much more informative prior than a flat one defined across the entire mass range of simulated models (i.e. 0.2-3.6 M ⊙ ). We already pointed out in Sect. 4 that imposing the dynamical mass constraint improves indeed the quality of the fit, specially for the stellar masses. Here we have an other way to look at this, as the evidence is a quantitative measure of the aforementioned fit improvement. The inclusion of the metallicity prior has a similar effect of increasing the evidence for the whole sample and for the sub-sample of EB stars (both restricted only to stars with [Fe/H] measurements). Nevertheless, it does not make a big difference for the AS and DK subgroups for which the best evidence is still reached in case 2) even when restricting only to stars for which [Fe/H] The above analysis suggests that there are still some problems with the current generation of standard PMS models. However the significance of the disagreement between theory and observations is different depending on the subset of objects considered -for example, we remind that for the subset of EBs the average mismatch between observed and predicted masses is lower than 10%. Moreover, as it is clear from the tables of Appendix A, for many of the objects of the sample the single-star evidence may be the largest for other values of the Ξ meta-parameters. Nevertheless this global test and the analysis of Sect. 6 both hint to the fact that a threefold effort is probably needed to a) improve the quality of the data specially assessing the systematic errors, b) better constrain the ∆Y /∆Z, and (Z/X) ⊙ values and c) improve the physics of stellar models.
APPLICATION TO BINARIES
In this Section we will analyse the binary systems in our data set. For each of them we will check whether the models are able to reproduce the coevality of the two stars. In all the cases where [Fe/H] measurements are available, we will implicitly use the corresponding Gaussian prior on Z in the marginalization of the probability distributions. In the four remaining cases a flat prior will be used in the available range of metallicities for our models set: Z ∈ [0.007, 0.03].
We will mainly make use of the standard Ξ-set previously introduced. In the case of severe disagreement between the standard models and the observations, we will explore the possibility that non-standard Ξ-set might give a better agreement with the data.
Figures 7 and 8 show the HR diagrams with the data for each of the 6 EB and 3 AS systems with the best fitting tracks and isochrones for the standard set of models superimposed. The results are also summarized in Table 5 . Some entries are missing in the table, corresponding to the cases in which the confidence intervals are poorly defined. This happens when the posterior probability is a very flat function and its mode falls outside the confidence interval. The best fit masses and ages are obtained by applying two different priors in mass, namely a flat and a Gaussian one in Figs. 7 and 8, respectively. In the case of EBs, for which stellar radii are measured, we have used the surface gravity vs. effective temperature diagram to compare the models with the data. This diagram has the advantage of combining the three measured quantities -mass, radius and temperaturehence representing the most stringent test for the models. For the AS systems we used the HR diagram. We display all the best fit models in the HR diagram for homogeneity.
The best values are obtained after marginalization in Z using a Gaussian prior. For displaying purposes only, we used isochrones and tracks with a specific Z value. The values for each system are obtained after transforming the observed [Fe/H] into Z obs using ∆Y /∆Z = 2, YP = 0.2485 and (Z/X) ⊙ = 0.0181. We then took the closest Z available in our models database. In the case where [Fe/H] is not available we used Z = 0.0125, the closest to our solarcalibrated Z value. The overplotted isochrones correspond to the best system composite age, i.e. that obtained by max-
Given the large number and size, the figures relative to the each system's subsection are presented in Appendix B. The upper panels show the marginalized mass distributions and the lower ones the age distributions. The left and right panels show the results obtained using a flat and a Gaussian prior on the mass distribution respectively.
RS Cha
This double-lined EB is located in the η Cha cluster (Mamajek et al. 2000) . The stellar masses and radii are from Alecian et al. (2005) who refined the values from the pioneering studies on binary stars by Andersen (1975 Andersen ( , 1991 Andersen 1975 Andersen , 1991 , the X-rays emission reported by Mamajek et al. (1999) clearly points to the PMS nature of this system. The two RS Cha components have very similar masses of ∼ 1.9M ⊙ and are both close to approaching the Zero-Age MS. Recent literature estimates for the system age range from 6 +2 −1 Myr (Luhman & Steeghs 2004 ) to 9.13 ± 0.12 Myr .
The outcomes of the comparison between our standard set of models and the RS Cha components' gravities and temperatures are shown in Fig. B1 .
As already noted in Sect. 6 the standard set of models slightly underestimates the mass values with µP = 1.79 +0.07 −0.07 M ⊙ and µS = 1.74 +0.06 −0.07 M ⊙ for the primary and secondary mass respectively. The dynamical masses fall outside these 68% confidence intervals, nevertheless the discrepancy is quite small -less than 5%-which is a very remarkable agreement. The relative precision of the mass estimates is strongly increased by the use of the Gaussian prior and also the mode of the mass marginal distributions for both components are more similar to the observed values with µP = 1.83 +0.02 −0.02 M ⊙ and µS = 1.82
Even with the slight mass discrepancy, the results on the system's age are very robust. The age estimates of the two components remarkably agree among each other. From the single star's marginal age distribution we obtained the combined system age as G(τ ) RS Cha A × G(τ ) RS Cha B . The estimated value for the system age in the case of a flat mass prior is τC = 8.50 +0.50 −0.45 Myr which is narrowed down to τC = 8.00 +0.15 −0.25 Myr when the Gaussian mass prior is imposed. It is worth noticing that the relative precision of the combined age is improved with respect to the single stellar ages estimates.
RXJ 0529.4+0041 A
The discovery of this double-lined EB located in the Orion star-forming region was reported by Covino et al. (2000) . The same group refined the system parameters using new photometric observations in Covino et al. (2004) . We adopt the data from the latter paper and the Orion [ Table A4 , it appears that most of the age discrepancy might be ascribed to the poorer fit of the secondary star. For the primary star the standard set of models provides the second highest Bayes Factor value, 18.34, the highest being just 18.35 for the set with ∆Y /∆Z = 2, α = 1.68 but YP = 0.23. For the secondary the standard set provides a Bayes Factor that is ∼ 1.5 times smaller than the one giving the largest evidence, i.e. ∆Y /∆Z = 2, α = 1.20 but YP = 0.2485. This is not enough to state that the latter set gives a significantly better agreement with the data, but using the latter set of meta-parameters yields an age of 6.30 +1.65 −0.85 Myr, which is in agreement with the primary star's age within the uncertainty interval.
The fact that the secondary star is better fitted by cooler models (i.e. models with lower α) was already reported by D'Antona et al. (2000) and confirmed in Covino et al. (2004) .
V1174 Ori
This double-lined EB was discovered by Stassun et al. (2004) . We adopt stellar parameters from this paper and the average [Fe/H] abundances for Orion (D'Orazi et al. 2009 ).
As in the case of RXJ 0529.4+0041 A, the primary star of V1174 Ori is moving away from the Hayashi track, while the secondary is still fully convective. Also in this case the models show some difficulty in reproducing the secondary observables. The standard set of models -with a flat mass prior-predicts a secondary mass of ∼ 0.42M ⊙ , much smaller than the dynamical mass (∼ 0.7M ⊙ ). The primary mass is instead well recovered with µP = 1.04
The situation for the secondary does not improve much even when using the coldest set of models available.
It has been noted (see e.g. Hillenbrand & White 2004 ) that one of the problems in estimating the effective temperatures for PMS stars from the observed spectral type is the adoption of temperature scales that are calibrated on MS stars. For example Stassun et al. (2004) use the temperature scale for dwarf stars by Schmidt-Kaler in Aller et al. (1982) . The same authors show how stellar models are not able to reproduce luminosities and temperatures for the secondary star and attribute the discrepancy to the non-adequacy of the dwarf spectral type to T eff conversion when applied to PMS stars.
At a given spectral type PMS stars are in general hotter than the corresponding MS stars. Their surface gravities indicate that a temperature scale intermediate between dwarfs and giants should be adopted. Hillenbrand & White (2004) suggest that temperature corrections as high as 100 K could be necessary to compensate for the temperature underestimates. We explored this possibility in the case of V1174 Ori, by artificially increasing the temperature of the primary by 100 K and keeping the effective temperature ratio between primary and secondary constant. The reason why we can not simply increase the effective temperature of the secondary, which is the main responsible of the disagreement with the models, is that in Stassun et al. (2004) this quantity is not directly and independently measured, but it follows from the determination of the primary effective temperature from the spectral type and the temperature ratio from the light curve.
Hence, if any offset is present, it should be reflected in both components.
The results of the comparison of the modified observables with the standard set of models are shown in Fig. B4 . The situation is only slightly improved compared to Fig. B3 . The gain in the secondary mass estimate is that now the best mass is ∼ 0.49M ⊙ , not yet enough to be in agreement with the dynamical mass. However the primary mass is still recovered within the uncertainty interval. It is clear that a change in T eff has a larger impact on the inferred stellar mass when a star is still in the vertical Hayashi track than when it is located on the almost horizontal Heyney track.
Even with the small improvement achievable by increasing the estimated T eff , V1174 Ori remains a challenge for stellar evolution theory. However parallel observational efforts are required to assess the issues related to the effective temperatures determinations.
EK Cep
This system is known to be an EB for more than 50 years (Strohmeier 1959) . Quite some time after its discovery it was recognized to host a ∼ 1.1M ⊙ PMS star, together with a ∼ 2.0M ⊙ primary already on its main sequence (Popper 1987) . We adopted stellar parameters from this paper and the spectroscopic determination of [Fe/H] by Martin & Rebolo (1993) .
With our standard set of models the stellar masses for EK Cep are not recovered within the 68% confidence interval (see Fig. B5 ). If we use a flat mass prior we obtain µP = 1.87
+0.06
−0.06 M ⊙ and µP = 1.17 +0.04 −0.03 M ⊙ , while the measured dynamical values are 2.020 ± 0.010M ⊙ and 1.124 ± 0.012M ⊙ for primary and secondary, respectively. Hence the primary mass is slightly underestimated and the secondary mass slightly overestimated. It has to be noted that the absolute difference between model-predicted and dynamical masses are of the order of 7% and 4% hence quite small. Nevertheless, the discrepancy are significant according to our definition of the confidence interval.
Given the Bayes Factors of Table A4 , we have compared the data with models from the class with α = 1.20, YP = 0.23, and ∆Y /∆Z = 2, i.e. the one that gives the largest composite evidence for the system. The agreement is still not satisfactory. As shown in Fig. B6 , a further improvement of the fit is achieved by assuming a higher metallicity (i.e. Z = 0.0193 rather than Z = 0.0157) as if the old (Z/X) ⊙ = 0.0231 by Grevesse & Sauval (1998) This test shows how the success of a set of models in reproducing the observations might be severely affected by the current uncertainties on the meta-parameters. Paradoxically, in the case of EK Cep system models calculated with out-of-date meta-parameters seem to give a better agreement with the data than the state-of-the-art ones.
One interesting thing that this system shows about our method is the power of the combined system age marginal distribution,
Since the primary star is already on the Main Sequence, its evolution is very slow, resulting in a very flat G(τ ) and, consequently a very poor precision in the age determination. Nevertheless the age of the system is very well determined -given the choice of the model class. As a consequence also the primary star has a very precise age determination, which is very valuable for MS stars. In the case of the standard set of model and Gaussian mass prior the system age is τ = 18.95 +1.05 −2.05 Myr, while for the non-standard set used in this Section, again with a Gaussian mass prior, we obtain τ = 26.55 +0.85 −1.80 Myr.
TY CrA
This double lined EB is part of a hierarchical system with three or possibly four stellar components (see Chauvin et al. 2003) . The fundamental parameters we adopted are taken from Casey et al. (1998) . For this particular system we could not find any spectroscopic determination of [Fe/H]. Therefore, instead of applying a Gaussian prior on the metallicity, the marginalization over Z was made using a flat prior with Z ∈ [0.007, 0.03], i.e. the range of metallicities available in our models grid.
As in the case of EK Cep, the primary star is already on the Main Sequence, while the slower evolving secondary is still on its Hayashi track. Similarly to the EK Cep case, our standard set of models is able to reproduce the secondary mass quite well, while the primary mass is once again underestimated. The values we obtain when a flat mass prior is used are µP = 2.61 +0.29 −0.18 M ⊙ and µS = 1.52 +0.24 −0.35 M ⊙ while the dynamical masses are estimated to be 3.16 ± 0.02M ⊙ and 1.64 ± 0.01M ⊙ for the primary and secondary, respectively. The low relative precision of these model predictions -compared e.g to the case of EK Cep-are mainly due to the larger uncertainties on the effective temperatures and radii for the TY CrA system (see Table 4 ).
Also in this case, we tried to see whether the agreement between data and models might be improved by using the coldest set of models with α = 1.20, YP = 0.23 and ∆Y /∆Z = 2. As it is possible to see by comparing Figs. B7 and B8, there is a slight improvement in the primary mass determination, without losing the good agreement for the secondary mass. The results obtained with a flat mass prior are µP = 2.69 +0.30 −0.18 M ⊙ and µS = 1.49
The primary mass is still underestimated by about 15%, not a too bad result -in absolute terms-but further investigation is needed to explain this partial disagreement.
TY CrA A is on the MS, therefore its age is not well constrained. Nevertheless the mode of the age distribution for the primary is very close to the mode of the secondary, which has a better constrained age determination. From the composite age distribution G(τ )TY CrA A × G(τ )TY CrA B in the case of the standard set and applying a Gaussian mass prior we obtain τ = 3.75 +2.65 −0.20 Myr. For the coldest set of models and still applying a Gaussian mass, prior we obtain a slightly older age of τ = 5.20 +3.05 −0.70 Myr. These age values are slightly older than the age found by Casey et al. (1998) who roughly estimate a system age of ∼ 3 Myr. Also these authors show that the models have problems in consistently predicting the stellar observable for both components. While being able to reproduce the observed secondary properties, they also find that models overestimate the effective temperature of the primary star. This is equivalent to our finding of an underestimated stellar mass for the given T eff and log g.
ASAS J052821+0338.5
This is the most recently discovered double-lined EB in our data set. The stellar parameters are from Stempels et al. (2008) . The two stars have very similar masses, and the slightly more massive primary (1.387 ± 0.017M ⊙ ) is just moving away from its Hayashi track while the secondary (1.331 ± 0.011M ⊙ ) is located just before the end of the fully convective phase. The [Fe/H] value we used is −0.15 ± 0.2 dex, i.e. the average of the quoted values for the primary (−0.2 ± 0.2 dex) and the secondary (−0.1 ± 0.2 dex) in Stempels et al. (2008) .
The predictions of our standard set of models slightly differ from the measured masses. The values we obtain when a flat mass prior is used are µP = 1.54 +0.08 −0.11 M ⊙ and µS = 1.13 +0.10 −0.10 M ⊙ . Therefore the primary mass is overestimated by ∼ 11% and the secondary is underestimated by ∼ 15%. Stempels et al. (2008) provide a double solution for the system parameters depending whether stellar spots are taken into account in the light-curve analysis (as in the case reported in Table 4 ) or not. We applied our method using also the measurements for the latter case and the results are shown in Fig. B10 . Both of the predicted masses are in better agreement with the data in this case with µP = 1.53 +0.08 −0.10 M ⊙ and µS = 1.24
−0.09 M ⊙ . Hence for the primary mass the situation is slightly better with an overestimate of 10%, while the situation is much improved for the secondary which is now predicted to be 7% less massive than the observed value.
It is clear that the detailed modeling of the light curve plays an important role in determining stellar properties and, as a consequence, in constraining the models' predictions. Once again the models give an overall satisfactory agreement, being 10 or even 15% still a quite good error in stellar masses predictions. Nevertheless more work is needed to explain these differences.
The results for the age of the system are more robust with the two components having ages in good agreement. In the case where the light curve solution including star spots is used, we obtain a system age -using a Gaussian mass prior-of 3.45 +0.10 −0.15 Myr. When using the light-curve solution without star spots, we instead obtain 3.65 +0.10 −0.20 Myr. In both cases the age is much younger than what is found by Stempels et al. (2008) who, using solar metallicity models by Baraffe et al. (1998) , found an age of ∼ 10 Myr for the system. We used the [Fe/H]≃ −0.15 dex quoted in the same paper to derive our Gaussian Z prior. This value is slightly sub-solar, hence part of the difference between our age estimate and that by Stempels et al. (2008) could be ascribed to that. Still it is quite hard, even using our solar metallicity models, to reproduce a ∼ 1.4M ⊙ star close to the base of its Hayashi track at such an old age like 10 Myr.
HD 113449
This system is an AS binary whose orbital parameters have been recently estimated by Cusano et al. (2010) . Here we use slightly different parameters (yet unpublished) kindly provided by the same group after more accurate analysis of the data and the [Fe/H] by Paulson & Yelda (2006) .
As already noted by Cusano et al. (2010) , there is a slight disagreement between dynamical and inferred masses by several sets of stellar models. Also the masses pre-dicted by our standard set of stellar tracks are slightly underestimated. The primary mass is found to be µP = 0.84 +0.04 −0.05 M ⊙ while the secondary is µS = 0.44 Fig. B11 ). From Table 5 we can see the primary dynamical mass of 0.960 ± 0.087M ⊙ is still consistently recovered while for the secondary the dynamical mass of 0.557 ± 0.050M ⊙ is outside the 68% confidence interval.
To see whether the discrepancy could be reduced, we used the coldest set of models and, in addition, we derived the Z value using the spectroscopic [Fe/H] and the (Z/X) ⊙ = 0.0231 by Grevesse & Sauval (1998) . The results, displayed in Fig. B12 , show a better agreement with the observations. The improvement is not substantial, though, and the predicted stellar masses are in this case µP = 0.89 +0.04 −0.05 M ⊙ and µS = 0.45
The stellar ages in this particular case are not very well determined. The two stars are indeed very close to their MS position, which makes age determination very hard. Nevertheless the primary shows a small peak in its G(τ ) distribution at an age of τ ∼ 50 Myr (for both the standard and non-standard set of models). The secondary instead does not show any peak in the stellar age, with a very flat G(τ ) slightly increasing towards the edge of our models ageinterval (100 Myr). The system age is poorly defined as well.
NTT 045251+3016
The discovery of this AS binary was first reported by Steffen et al. (2001) from which we adopted the stellar parameters. In this case no spectroscopic [Fe/H] is available. This system is quite young and both the primary and the secondary are found in their fully convective phase along the Hayashi track. As pointed by Steffen et al. (2001) , all the stellar models adopted by them predict too low masses for both components. The set of models that gives the best agreement with observations is the one by Baraffe et al. (1998) when a mixing length parameter α = 1.0 is adopted. This is not surprising given that models with a lower α, being intrinsically colder, predict larger masses for given observed luminosities and temperatures.
With our standard set of models and using a flat mass prior, the two masses are found to be µP = 1.00 +0.12 −0.14 M ⊙ and µS = 0.41 +0.10 −0.10 M ⊙ , severely lower than the dynamical masses by ∼ 30% and ∼ 50 % respectively (see Fig. B13 ). From Tables A1 and A2 it is possible to see that for both of the components of NTT 045251+3016 the set of models that provides the largest Bayes Factor is, once again, the coldest set available (YP = 0.23, ∆Y /∆Z = 2, α = 1.2). When using this particular set and a flat mass prior, we obtain slightly larger masses of µP = 1.13 +0.16 −0.13 M ⊙ and µS = 0.50 +0.13 −0.12 M ⊙ (see Fig. B14 ). The improvement is not enough to obtain an agreement between predicted and observed mass for the secondary, while the primary mass, though still underestimated, is in agreement within the errors.
We report that using the BASE software (courtesy of Tim Schulze-Hartung, in prep) for analysing the system's astrometric measurements and radial velocities, slightly lower masses are predicted. The primary mass is found to be µP = 1.383 ± 0.220M ⊙ (-4.60%) while the secondary is µS = 0.766 ± 0.089 (-5.41%).
Even with this latter improvements, there is still a larger disagreement in the predicted vs. dynamical mass for NTT 045251+3016 than what we found for the EBs cases or even the other two AS binaries. This suggests that part of the problem might reside in observations as well, and we already noted in Sect. 5 the peculiar location of this star in the HR diagram given its measured mass. Apart from a theoretical effort, which is certainly needed, this system demands attention also from the observational side to exclude, e.g., higher order multiplicity that to-date interferometric observations are not capable to resolve. Concerning the system composite age, the values we obtain when using a Gaussian mass prior are τ = 3.55 
HD 98800 B
This AS binary is part of a quadruple system. Boden et al. (2005) reported preliminary visual and physical orbit for the binary subsystem. They derived the components' masses of 0.699 ± 0.064M ⊙ and 0.582 ± 0.051M ⊙ for the primary and the secondary, respectively. We adopted the [Fe/H] value from Laskar et al. (2009) . Both the components of the system are very young and located at the beginning of their Hayashi track.
For this system the standard set of models provides a good fit to both components (see Fig. B15 ). −0.00 M ⊙ . The location of the two stars in the HR diagram makes their marginal distribution extremely asymmetric. As a consequence, the best values are located quite close to (or exactly at) the boundary of the confidence intervals. This is the reason why the quoted lower error for the secondary mass is zero. The best values for both the primary and secondary are slightly smaller than the dynamical mass values but in this case there is consistency within the 68% confidence intervals.
The inferred ages for the two components are very similar and when a Gaussian mass prior is adopted we obtain τP = 0.85 
THE STARS IN TAURUS-AURIGA
In this section we will present the results for the 9 stars found in the Taurus-Auriga star-forming region and whose masses are derived using disk kinematics (see Sect. 5). For all of these stars, the Gaussian metallicity prior is applied using the average value of [Fe/H] = −0.01 ± 0.05 dex for the region (D'Orazi et al. 2011) .
This sample exactly coincides with the DK+DKS sample of Sect. 5. As it is possible to see in the rightmost panels of Fig. 6 , most of the DK+DKS stars have strongly underestimated values of the mass. We discussed some possible reasons for this discrepancy in Sect. 6 We used the standard set of model to derive the ages of the Taurus-Auriga stars. The predicted values when a Gaussian mass prior is used are reported in Table 6 . In addition to single stellar ages we also computed the composite age for the DKS system UZ Tau E. In general these age determinations have a worst precision when compared to the EB and AS sample. Moreover for the star MWC 480 the peak of the distribution is outside the 68% confidence interval. This is because the G(τ ) is very flat and the corresponding peak is just barely visible. This peak is located in the area corresponding to the leftmost 16% probability that is excluded according to our definition. This is not strange given our definition of the confidence interval, it is just an indication that the age of this system is very poorly defined. As we mentioned in Sect. 5 the stars UZ Tau Ea, BP Tau and MCW 480 have a peculiar location in the HR diagram. We excluded the latter two stars, while we kept UZ Tau Ea in the sample to obtain an average age of 2.1 ± 1.3 Myr where the quoted uncertainty is the standard deviation of the ages of the remaining stars. For both the stars in the UZ Tau E system we considered the composite age as the best age estimator. This average age is in very good agreement with the estimated age for the Taurus-Auriga star forming region of 1-2 Myr (see e.g Kraus & Hillenbrand 2009 , and references therein).
SUMMARY AND CONCLUSIONS
The importance of a stringent test of PMS models against stars with accurately known parameters (i.e. mass, luminosity, radius, effective temperature, [Fe/H]) can hardly be overestimated, as these models represent the main tool to derive masses and ages of stars observed in star forming regions and young stellar clusters. Consequently the inferred star formation histories and mass functions of young stellar groups strongly depend on the answers provided by stellar evolutionary codes.
In order to constrain PMS models we relied on a data set containing 25 PMS stars of measured mass (plus 2 MS companions in binary systems). This is the full up-to-date sample of known PMS stars with dynamical mass measurements in the range 0.2-3.0 M ⊙ . Among them 10 PMS objects belong to double-lined eclipsing binary systems and 6 to astrometric and spectroscopic binaries; the remaining 9 objects are stars whose masses are derived using the measured orbital velocity of their circumstellar disks.
The main novelties of the paper are both the approach followed for comparing theory with observations and the set of PMS models used in the comparison. Regarding the former, we applied for the first time to the whole sample of PMS stars a very general Bayesian method. This approach allows a full exploitation of the available information about the observed objects which is included in the form of prior probability distributions. In addition it provides robust uncertainties for the inferred quantities.
The models are extracted from the very recent Pisa PMS database (Tognelli et al. 2011) . They include the stateof-art input physics and are available for a large and very fine grid of metallicities, masses and ages and for different primordial helium abundances, YP, helium-to-metals enrichment ratios, ∆Y /∆Z, and mixing-length parameter, α, values.
We checked the robustness and accuracy of the method in recovering stellar ages and masses against simulated binary data sets. One interesting result is that even synthetic binary stars -coeval by construction-might mimic non coevality as a consequence of the random uncertainty in the effective temperature, radius, and luminosity. The actual fraction of fake non coeval recoveries strongly depends on the sample characteristics, since we demonstrated that the ability of recovering the simulated masses and ages is a complex function of the actual position of the star in the HR diagram. This fraction can be as large as 95% for systems with one component close to its main sequence position.
This suggests that the inability to fit both components of a binary system with a single isochrone does not necessarily imply that the two stars are not coeval or that the models present some deficiency. We also showed that, even in the simulated systems that are recovered as non coeval, the inferred system age obtained using the composite age distribution is in very good agreement with the simulated age.
When the real data are used, the Pisa PMS models show an overall agreement with the observations. With the exception of V1174 Ori B, the masses of EB stars are well recovered within 10%. The agreement progressively worsens for AS binaries and DK stars, but also the observational uncertainties become more severe for the latter objects.
A slightly worse situation is observed for stellar ages compared to stellar masses. Within our sample 6 binary systems are present for which ages can be derived for both components. The systems EK Cep and TY CrA both have a primary on the MS, hence their primaries' ages are not very accurate and we exclude them from the following discussion. HD 113449 is excluded as well, since the age of the secondary is also not well determined. Of the remaining 6 systems, 4 are predicted to be coeval -within the uncertainties-by our models. The systems RXJ 0529.4+0041 A and V1174 Ori are instead not consistent with coevality.
We have shown by simulations that the probability of deriving non coeval ages for two stars in a binary system -because of observational uncertainties-is a complex function of the position of stars in the HR diagram. Nevertheless we have also shown that, for the subset of simulated system for which both components are still far from their main sequence position, this probability is very low, always below 10% and as small as 0% for most simulated cases. The observed non coevality fraction of 30% is higher than what expected, given the typical quoted observational errors and the location in the HR diagram of the stars of the 6 aforementioned systems. With the present low number statistics, it is hard to draw robust conclusions, nevertheless these results might suggest that PMS models still have some problems in correctly predicting stellar ages. On the other hand the hypothesis that some systems might really be non coeval can not be ruled out given the current uncertainties on the models. An other possibility is that observational errors, specially the systematic ones are underestimated, leading to a spurious non coevality of the stars in RXJ 0529.4+0041 A and V1174 Ori.
With our Bayesian approach it is possible to evaluate the probability for different sets of models, i.e. the models' evidence. We analysed the entire data set using several classes of models computed with different YP, ∆Y /∆Z, and α values. We calculated the evidence for each star using 9 different meta-parameters configurations. Furthermore, four combinations of the prior distributions for mass and metallicity have been used for each meta-parameter choice, for a total of 36 classes. We found that adopting a Gaussian rather than a flat mass prior significantly improves the composite evidence for the full data set; the same effect, but to a lesser degree, is obtained imposing a Gaussian metallicity prior, mainly for EBs.
Although our standard set of models shows a reasonable general agreement with the data, predicting mass values almost always within 20% of the dynamical ones -and in several case even within 5%-, the general trend suggests that standard models tend to underestimate the stellar mass, confirming previous results (see Mathieu et al. 2007 , and references therein). As a consequence, the largest composite evidence is obtained with our coldest set of models, i.e. with the mixing-length parameter α=1.2 and the lowest helium abundance at fixed metallicity.
Given that the discrepancy between theory and observations increases going from the most precise data set of EBs to the others, we point out that a twofold effort is needed to achieve a better agreement. From the theoretical point of view a better understanding on the treatment of superadiabatic convection and a better characterization of the models' meta-parameters is desirable. Moreover, one of the open questions of PMS modeling concerns the role played by accretion in affecting the observable properties of very young stars, i.e. their effective temperatures and luminosities. Different authors disagree on the impact accretion can have on the stellar ages which are inferred using non-accreting models (Baraffe et al. 2009; Hosokawa et al. 2011) . Unfortunately, a fully consistent treatment of accretion for stars spanning a wide range of parameters is still lacking, therefore preventing a proper and quantitative evaluation of the impact of accretion on the inferred stellar properties.
From the observational side the significance of such a comparison could be improved in the future by a larger sample of well studied and characterized PMS stars and by a better control on the systematic errors affecting AS and DK stars' measurements. Figure B1 . RS Cha components mass and age distribution functions as obtained from the log g − log T eff diagram using the standard set of models. Upper panels: Marginalized mass distributions. Lower panels: Marginalized age distributions. Left panels: Marginalization using a flat mass prior. Right panels: Marginalization using a Gaussian mass prior. All panels: In dot-dashed-blue the primary component, in dashed-red the secondary. Full symbols indicate the mode of the distributions, the bars mark the 68% confidence interval. The quoted numbers represent the relative precision of the mass or age estimates. In the upper panels the empty symbols and related error bars indicate the dynamical masses and their measurement errors. In the lower panels the solid-black line represents the system age distribution. Figure B2 . RXJ 0529.4+0041 components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). Figure B3 . V 1174 Ori components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). Figure B4 . V 1174 Ori components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). In this case the temperature of the primary has been artificially raised by 100 K and the temperature of the secondary has been raised accordingly in order to keep the temperature ratio constant. Figure B5 . EK Cep components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). Figure B7 . TYCrA components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). Figure B8 . TY CrA components mass and age distribution functions from comparison with the set of models with α = 1.20, Y P = 0.23 and ∆Y /∆Z = 2 (see Fig. B1 for a description). Figure B9 . ASAS J052821+0338.5 components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description) . Figure B10 . ASAS J052821+0338.5 components mass and age distribution functions from comparison with the standard set of models.
In this case we used the data from Table 1 of Stempels et al. 2008 when no spots are included in the light-curve modeling (see Fig. B1 for a description). Figure B11 . HD 113449 components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description). Figure B13 . NTT 045251+3016 components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description) . Figure B14 . NTT 045251+3016 components mass and age distribution functions from comparison with the set of models with α = 1.20, Y P = 0.23 and ∆Y /∆Z = 2 (see Fig. B1 for a description). Figure B15 . HD 98800 B components mass and age distribution functions from comparison with the standard set of models (see Fig. B1 for a description).
